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(54) REPLANNED PLAN OUTPUT DEVICE

(57) A replanned plan output device that outputs a
replanned plan for an operation plan of performing
planned schedules in order by an operation of a vehicle
in charge, includes: areplanned candidate determination
unit configured to, when a difficult-to-perform schedule
that becomes difficult to be performed by the vehicle in
charge among the planned schedules occurs, determine
another vehicle as a candidate for a substitute vehicle

for performing the difficult-to-perform schedule; and a
substitute vehicle selection unit configured to, when a
plurality of candidates for the substitute vehicle are set,
select the substitute vehicle for performing the diffi-
cult-to-perform schedule from the plurality of candidates
for the substitute vehicle in consideration of the number
of changes of the vehicle in charge and an additional cost
of each of the schedules specified in the operation plan.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a replanned plan output device, and relates to, as a non-limiting specific
example, a technology for automatically replanning an operation plan by using a dedicated processor or the like when
it is required to change a planned operation plan of a public transportation system.

2. Description of Related Art

[0002] Ina publictransportation system, with respect to an operation plan prepared in advance, such as a transportation
schedule, a work shift for a crew member and a worker, or the like, various unpredictable situations (hereinafter referred
to as accidents) such as a malfunction of a vehicle (a vehicle and equipment) and a vacancy of the crew member and
the worker on the day of operation often cause occurrence of a case in which the operation cannot be performed as
planned.

[0003] When the accident as described above occurs, it is required to replan the operation plan after the accident
occurrence. In related art, the work of replanning the operation plan significantly relies on manual work (a manual input
operation) by an operator or the like.

[0004] When mechanical processing can be performed on the replanning of the operation plan, it becomes possible
to perform the replanning based on non-individual expertise and an objective indicator. Therefore, it is considered that
seeds or needs for automation of the replanning are increasing.

[0005] The presentinventors conducted an intensive study thereon and come up with the following ideas, based on
a knowledge or concept that such replanning can be solved by a computer as an "optimization problem".

[0006] That is, in order to solve a large-scale.optimization problem in a real society at high speed, for example, it is
conceivable to provide a method in which a problem is described with an "interaction model" such as an Ising model or
the like, and calculation is performed by using "a calculation technology dedicated to the optimization problem" such as
CMOS annealing. When the replanning using the interaction model is performed, as a method for efficiently handling a
complicated constraint condition, it is effective to use a unit for solving a set partitioning problem and a set covering
problem after candidate generation of a partial problem is performed by using a column generation method or the like.
[0007] Anexample of related artrelated to the above description includes a technology described in JP-A-2017-151810
below.

[0008] JP-A-2017-151810 describes a general set partitioning problem and set covering problem by an interaction
model, and describes a configuration for solving an optimization problem at high speed. However, JP-A-2017-151810
does not provide a specific policy for dealing with replanning of an operation plan. When the replanning of the operation
plan is performed by using a method described in JP-A-2017-151810, there are many changes in the operation plan,
which is considered to be non-suitable for actual work.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a replanned plan output device capable of automatically formu-
lating a replanned plan that reduces the number of changes from an original plan and profit and loss caused by the
changes.

[0010] As a desirable aspect of the present invention, a replanned plan output device that outputs a replanned plan
for an operation plan of performing planned schedules in order by an operation of a vehicle in charge, includes: a vehicle-
in-charge candidate determination unit configured to, when a difficult-to-perform schedule that becomes difficult to be
performed by the vehicle in charge among the planned schedules occurs, determine another vehicle as a candidate for
the vehicle in charge of the difficult-to-perform schedule; and/or a vehicle-in-charge selection unit configured to, when
a plurality of candidates for the vehicle in charge are set, select the vehicle in charge of the difficult-to-perform schedule
from the plurality of candidates for the vehicle in charge in consideration of the number of changes of the vehicle in
charge and an additional cost of each of the schedules specified in the operation plan.

[0011] According to the present invention, when a difficult-to-perform schedule that becomes difficult to be performed
by a vehicle in charge occurs, a vehicle in charge of the difficult-to-perform schedule can be selected from a plurality of
candidates for the vehicle in charge, in consideration of the number of changes of the vehicle in charge and an additional
cost. Therefore, it is possible to automatically formulate a replanned plan that reduces the number of changes from an
original plan and profit and loss caused by the changes.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a block diagram illustrating an outline of an information processing system on which a replanned plan
output device of the present invention is mounted;

FIG. 2 is a flowchart illustrating a flow of processing of the information processing system illustrated in FIG. 1;
FIG. 3 is a diagram illustrating information or the like stored in an input and output support unit in the information
processing system;

FIG. 4 is a diagram illustrating an example of a daily operation plan (an original assignment plan);

FIG. 5 is a diagram illustrating an example of a constraint condition;

FIG. 6 is a flowchart corresponding to a subroutine in step S2 of FIG. 2;

FIG. 7 is a diagram illustrating an example of a directed graph illustrating a case in which an accident occurs in a
vehicle 3 in the middle of performing the operation plan and a schedule 8 becomes a difficult-to-perform schedule;
FIG. 8 is a flowchart illustrating an example of a processing flow for generating various directed graphs;

FIG. 9is a directed graph (a change candidate graph) illustrating a state in which a replanned candidate and a route
candidate are generated based on the directed graph illustrated in FIG. 7;

FIG. 10 is a flowchart corresponding to a subroutine in step S22 of FIG. 6;

FIG. 11 is a directed graph illustrating a difference in the number of changes, an additional cost, or the like between
two types of replanned candidates (the route candidates);

FIG. 12 is a diagram illustrating an example of a planned candidate (a change candidate table);

FIG. 13 is a directed graph illustrating an example of a processed planned candidate, plan execution information,
and change information;

FIG. 14 is a diagram illustrating an example of a part of the planned candidate (the change candidate table) of FIG.
12, which becomes a matrix (A;) and a vector (C;) that become coefficient values of an interaction model; and
FIG. 15 is a diagram illustrating an example of a part of the change information, which becomes a matrix (Dij) that
becomes the coefficient value of the interaction model.

DESCRIPTION OF EMBODIMENTS

[0013] An embodiment of the present invention will be described in detail with reference to the drawings. However,
the present invention is not construed as being limited to the description of the embodiment shown below. It is easily
understood by those skilled in the art that a specific configuration of the embodiment can be changed within the scope
of not departing from an idea or gist of the present invention.

[0014] In a configuration of the invention described below, the same part or a part having a similar function will be
denoted by the same reference sign to be used in common between different drawings, and duplicate description may
be omitted.

[0015] When there are a plurality of elements having the same or similar function, a different subscript may be added
to the same reference sign for description. However, when it is not required to distinguish between the plurality of
elements, the subscript may be omitted for description.

[0016] In the following description, a "storage device" may be at least a memory of the memory and a permanent
storage device. The "memory" is one or more memory devices, which is an example of one or more storage devices,
and may typically be a main storage device.

[0017] In the following description, the "processor" may be one or more processor devices. At least one processor
device can typically use a microprocessor device such as a Central Processing Unit (CPU).

[0018] In the following description, for convenience of the description, it may be described that a software block serves
as a main part and performs processing, and it is noted that actual processing is mainly performed by the processor.

<<Qutline of embodiment>>

[0019] In the embodiment to which the present invention is applied, a replanned plan output device that outputs a
replanned plan with respect to an operation plan of sequentially performing planned schedules by an operation of a
vehicle in charge can be implemented (mounted) in a computer or a computer system.

[0020] The replanned plan output device includes a replanned candidate determination unit that plans a candidate for
a plan, in which a difficult-to-perform schedule is performed with another vehicle, by reorganizing the plan after time
when the difficult-to-perform schedule occurs, when the difficult-to-perform schedule, which becomes difficult to be
performed by a vehicle in charge, occurs among the planned schedules.

[0021] The replanned plan output device includes a substitute vehicle selection unit that selects a substitute vehicle
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for performing the difficult-to-perform schedule from a plurality of candidates for the substitute vehicle in consideration
of the number of changes of the vehicle in charge and an additional cost of each of the schedules specified in the
operation plan, when the plurality of candidates for the substitute vehicle are set.

[0022] The replanned candidate determination unit and the substitute vehicle selection unit can be configured by the
same processor or different processors.

[0023] In the above description, it is desirable to store the operation plan in a predetermined memory so that the
replanned plan output device can refer to the operation plan, process the operation plan, generate the replanned plan,
and output the generated replanned plan.

[0024] As aspecificexample (form) of each of the "schedules" in the operation plan, a departure time from the beginning
and an arrival time to the end are specified.. In the following description, in each schedule to be performed by the same
vehicle, it is assumed that the end of a previous schedule and the beginning of a subsequent schedule are the same,
and an interval (a break time or the like) can be set between these schedules.

[0025] In this case, the replanned candidate determination unit can determine another vehicle that performs a schedule
that does not overlap with a time zone from the departure time of the difficult-to-perform schedule to the arrival time
thereof as a candidate of the substitute vehicle for performing the difficult-to-perform schedule.

[0026] With respect to the vehicle to be used in the operation plan, a type thereof, the number thereof, or the like are
not particularly limited, and various types and a large number of vehicles can be used in the actual operation. However,
as the types of vehicles and the number thereof increase, a description content becomes more complicated, such that
the following embodiments will be described with an example of an operation plan which is simplified as much as possible.
[0027] Inthe above description, as a specific example of "another vehicle" that becomes the candidate for the substitute
vehicle for-performing the difficult-to-perform schedule, the specific example thereof include vehicles other than a vehicle
that becomes difficult to perform a schedule to be performed among the plurality of vehicles specified in the operation plan.
[0028] The maximum number of vehicles of the candidate to be determined by the replanned candidate determination
unit may be the sum of all the vehicles to which the operation plan for the day is assigned and the number of standby
vehicles. When the operation cannot be performed only by the vehicles to which the operation plan for the day is assigned,
the standby vehicle will be assigned. However, when there is no standby vehicle and no single vehicle can be determined
(when the number of vehicles to be determined is zero), any one of the vehicles specified in the operation plan cannot
perform the difficult-to-perform schedule that occurred (serving as the substitute vehicle for performing the difficult-to-
perform schedule), such that it is required to prepare another vehicle that is not specified in the operation plan.

[0029] On the other hand, normally, as the number of vehicles of the candidate determined by the replanned candidate
determination unitbecomes larger, processing (a calculation amount) for selecting the substitute vehicle by the substitute
vehicle selection unitincreases, and thus the content of description is complicated, such that the following embodiments
will be described with an example that is as easy to understand as possible.

[0030] On the other hand, when the number of vehicles of the candidate determined by the replanned candidate
determination unit is small (for example, two or three vehicles), it is not required to perform the processing (calculation
or the like) for selecting the vehicle in charge by the substitute vehicle selection unit, and in some cases, the substitute
vehicle can be selected by determination of a human being such as an operator or the like.

[0031] In consideration of the above-described circumstances, it is considered that the replanned plan output device
of the embodiment is particularly useful in a case in which when the number of vehicles of the candidate determined by
the replanned candidate determination unit is large, the vehicle that should perform the difficult-to-perform schedule
(serving as the substitute vehicle for performing the difficult-to-perform schedule) cannot be promptly determined by a
human being.

[0032] In such a case, the substitute vehicle selection unit may be configured to select a vehicle which is optimized
for solution of an interaction model using the number of changes and the additional cost as the substitute vehicle for
performing the difficult-to-perform schedule.

[0033] Alternatively, from a point of view of minimizing a change in a content of the operation plan, the substitute
vehicle selection unit may be configured to select a vehicle with which the number of changes of the vehicle in charge
of each schedule specified in the operation plan is small, from the plurality of candidates for the substitute vehicle as
the substitute vehicle for performing the difficult-to-perform schedule.

[0034] On the other hand, from a point of view of keeping the additional costs (for example, various losses such as
unnecessary fuel consumption, a labor cost, a time delay, or the like) caused by changing the operation plan as low as
possible, the substitute vehicle selection unit may be configured to select a vehicle from a plurality of candidates for the
substitute vehicle, the additional cost of which becomes low, as the substitute vehicle for performing the difficult-to-
perform schedule.

[0035] The above-described method for selecting the substitute vehicle for performing the difficult-to-perform schedule
by the substitute vehicle selection unit can be switched according to the purpose, or a weight can be finely adjusted by
changing a coefficient of an arithmetic expression to be used (the interaction model or the like).

[0036] In,order to make it easier to visually understand the processing of determining the replanned candidate and
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selecting the substitute vehicle (and thus the output of the replanned plan), which tends to be complicated in the actual
operation, it is desirable to have a configuration including a graph generation unit that generates a directed graph that
connects a node of the vehicle specified in the operation plan and a node of the schedule assigned to each vehicle with
a directed link in the order of execution.

[0037] In this case, the replanned candidate determination unit is configured to cause the graph generation unit to
generate a graph as a candidate for the replanned plan by, in the directed graph, connecting the directed link from a
node related to the determined candidate for the substitute vehicle toward a node of a schedule related to a replanned
plan including the difficult-to-perform schedule, or a node of all planned schedules (hereinafter referred to as a schedule
node).

[0038] On the other hand, the substitute vehicle selection unit is configured to cause the graph generation unit to
generate a graph, as a replanned plan by, in the directed graph, connecting the directed link from a node related to the
selected substitute vehicle toward the schedule node.

[0039] By the above-described configuration, a user (an operator or the like) can easily visually check a vehicle
breakdown, a difficult-to-perform schedule, a candidate for the substitute vehicle that performs the difficult-to-perform
schedule, a current status of the selected substitute vehicle, a future plan, or the like, such that it can be expected that
the replanning will smoothly proceed.

[0040] Hereinafter, each configuration described above will be described in more detail with reference to the drawings.

<<Overview of overall system >>

[0041] FIG. 1isablockdiagramillustrating an example of a configuration of an information processing system according
to the embodiment.

[0042] An information processing system 10 illustrated in FIG. 1 can be configured by one physical computer. Alter-
natively, in the information processing system 10, each component may be implemented by a separate physical computer.
Instead of a computer system including one or more physical computers, the information processing system 10 may be
another type of system, for example, a system (for example, a cloud computing system) implemented on a physical
computing resource group (for example, a cloud infrastructure).

[0043] The information processing system 10 illustrated in FIG. 1 corresponds to the "replanned plan output device"
of the present invention.

[0044] As illustrated in FIG. 1, the information processing system 10 includes an input and output support unit 20, a
processing support unit 50, and an optimization calculation unit 80. Among the above-described units, the processing
support unit 50 includes a calculation unit 40 and a storage unit 60.

[0045] Among the above-described units, the calculation unit 40 has a function as the above-described "replanned
candidate determination unit" and the "substitute vehicle selection unit", and particularly, a planned candidate generation
unit 141 which will be described later plays a role on the functions thereof.

[0046] Inthe exampleillustratedin FIG. 1, an input and output of information with respect to the information processing
system 10 is performed via the input and output support unit 20. Referring to FIG. 3, the input and output support unit
20 is connected to, for example, an input interface of an external device such as a PC or the like (an operation input unit
such as a keyboard, mouse, or the like, and a communication unit such as a modem or the like), receives information
input by a user via the input interface, stores the received information in an input data storage unit 30 which will be
described later, and supplies the received information to the processing support unit 50.

[0047] The input and output support unit 20 is connected to, for example, an output interface of the external device
such as the PC or the like (a display unit such as LCD or the like, a printing unit such as printer or the like, an external
memory such as an HDD or the like, a communication unit such as a modem or the like), and can receive or visually
check data of a replanned plan automatically formulated by the information processing system 10 via the output interface.
[0048] Although not illustrated in FIG. 3, the input and output support unit 20 may include a hardware processor that
performs the above-described processing while communicating with the above-described external device such as the
PC or the like.

[0049] Referring to FIG. 3, the input and output support unit 20 includes: the input data storage unit 30 that stores
information on an originally formulated plan (hereinafter referred to as an "original plan") and an accident that occurred
as input data; and an output data storage unit 90 that stores information on the replanned plan based on the original
plan as output data. Details of the configuration, the information stored therein, or the like will be described later.
[0050] The optimization calculation unit 80 is implemented by using a "calculation technology dedicated to an optimi-
zation problem" such as CMOS annealing in order to process the optimization problem of the replanned plan at high
speed. Here, the optimization problem indicates a problem of obtaining a value of a variable that minimizes or maximizes
the cost as an evaluation value under a requested constraint. The calculation technology dedicated to the optimization
problem is an ultra-high-speed dedicated simulator of an interaction model to be described in a form of the following
Equation 1, such as an Ising model and a Boltzmann machine.
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[Equation 1]

H(X) = XT]X 4 hTX . (BEquation 1)

[0051] In Equation 1, x and h are vertical vectors and J is a symmetric matrix. x in Equation 1 is a variable. Since a
type of the variable x depends on a property of hardware, the type of the variable x may be appropriately modeled
according to the property of the hardware. A subscript T is a reference sign indicating a transposed matrix.

[0052] In Equation 1, J and h are constants, respectively. A width (a magnitude) of these constants, whether J and h
are integers or real numbers, or the like also depend on the property of the hardware, and are not particularly limited.
In addition thereto, a relationship with a characteristic of the embodiment is low.

[0053] In general, in a computer-related technology that exclusively calculates the optimization problem (hereinafter,
may be referred to as the "calculation technology dedicated to the optimization problem"), an optimum value of the
variable x is obtained by searching or reproducing a lowest energy state of the interaction model (a value of x at which
a left side H of Equation 1 becomes minimum) as described in Equation 1 on the computer.

[0054] In other words, in the calculation technology dedicated to the optimization problem, calculation is performed
by using an interaction coefficient of the interaction model (a value corresponding to J in Equation 1) and an external
field coefficient thereof (a value corresponding to h in Equation 1) as input values, and the variable x at which H becomes
minimum is calculated and output.

[0055] Returning back to FIG. 1, the optimization calculation unit 80 is an example of a parallel processing device (a
device capable of performing parallel processing), and plays a role as an accelerator for solving an assignment problem
by calculating the interaction model (for example, the Ising model) as described above in Equation 1.

[0056] The optimization calculation unit 80 is typically a hardware circuit such as an Application Specific Integrated
Circuit (ASIC), a Field Programmable Gate Array (FPGA), or a Graphics Processing Unit (GPU).

[0057] The optimization calculation unit 80 may be implemented by a Central Processing Unit (CPU) including one or
more physical or virtual cores.

[0058] Alternatively, the optimization calculation unit 80 can be, for example, a semiconductor computer (for example,
a CMOS annealing machine) in which an operation of the Ising model is similarly reproduced by a semiconductor circuit
(for example, a Complementary Metal Oxide Semiconductor (CMOS) circuit). The optimization calculation unit 80 may
be implemented by, for example, an algorithm (for example, Momentum annealing) that operates on the GPU.

[0059] The optimization calculation unit 80 may use an annealing type quantum computer or a general-purpose type
quantum computer instead of a digital computer.

[0060] In the information processing system 10 of the embodiment, the processing support unit 50 includes: the
calculation unit 40 implemented on the processor; and the storage unit 60 for storing intermediate data (hereinafter,
referred to as "the intermediate data" for convenience of distinction and description) . A main function of the processing
support unit 50 in the embodiment is to receive information input by the user, to convert the received information into
an input of the optimization calculation unit 80 (the interaction model), to reconvert an output result of the optimization
calculation unit 80 into a format that is easy to be seen by the user, and to return (output) the reconverted output result.
[0061] As illustrated in FIG. 1, the calculation unit 40 of the processing support unit 50 includes the planned candidate
generation unit 141, a model generation unit 142, and an aggregation processing unit 143.

[0062] Among the above-described units, the planned candidate generation unit 141 generates the intermediate data
serving as the planned candidate based on the input information received from the input and output support unit 20.
Therefore, the planned candidate generation unit 141 may be paraphrased as an "intermediate data generation unit".
[0063] On the other hand, the model generation unit 142 calculates the interaction coefficient and the external field
coefficient of the interaction model serving as the input of the optimization calculation unit 80 by using the intermediate
data, and performs processing of transmitting a calculation result to the optimization calculation unit 80. The aggregation
processing unit 143 generates output data by using the intermediate data and the output result of the optimization
calculation unit 80, and performs processing of returning the generated output data to the input and output support unit 20.
[0064] Here,-specifically, the "intermediate data" (stored in the storage unit 60) can be roughly divided into the following
three types of information (60-1), (60-2), and (60-3).

(60-1) a planned candidate 161
(60-2) plan execution information 162

(60-3) change information 163

[0065] Hereinafter, specific examples of the above-described information (60-1) to (60-3) will be described.
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<60-1: Planned candidate>

[0066] Inthe embodiment, when the replanning is performed by using the interaction model, as a method for efficiently
dealing with a complicated constraint condition, a plurality of planned candidates are generated by using a column
generation method or the like (processing in the planned candidate generation unit 141). Here, the planed candidate is,
for example, a candidate such as which service is to be operated by which vehicle or equipment, or which crew member
is to board which vehicle or equipment, or the like.

[0067] The planned candidate 161 is information that enumerates candidates among various candidates as described
above, which satisfy a part of the requested constraints or all of the requested constraints. The planned candidate 161
is data configured with binary or integer so that the planned candidate 161 can be used directly for generating the
interaction model. The planned candidate 161 can also be used as the interaction model for solving a general set covering
problem and set partitioning problem.

<60-2: Plan execution information>

[0068] The planned candidate 161 includes, for example, pieces of information such as which service is to be operated
by which vehicle or equipment, or which crew member is to board which vehicle or equipment, or the like, and does not
include further detailed information (for example, various information required for the actual operation). This is because
the planned candidate 161 is information for the purpose of calculating the coefficient of the interaction model.

[0069] In the embodiment, the information required for the actual operation is handled (handled separately) by the
plan execution information 162, and this point is also one of the characteristics in the embodiment.

[0070] Specifically, for example, when a departure and arrival time of a service changes due to the replanning, the
plan execution information 162 includes: the changed departure and arrival time of the service; from where to depart
and where to arrive; information on the reservation when there is a reservation; and information on a size of a vehicle
body and airframe required for the service operation, or the like. In general, the plan execution information 162 can be
defined as "comprehensive information required to perform the replanned plan”.

<60-3: Change information>

[0071] The change information 163 is information to be introduced in order to adjust a change rate caused by the
replanning, and is also one of the characteristics in the embodiment. In the embodiment, the change information 163 is
numerical data having the same number of elements as that of the above-described planned candidate 161. In one
specific example, the change information 163 is data that quantifies whether or not each candidate forming the planned
candidate 161 deviates from the original plan, or to what extent the planned candidate 161 deviates therefrom.

[0072] The planned candidate 161, the plan execution information 162, and the change information 163 described
above can be respectively stored in the storage unit 60 as database data (refer to FIG. 1).

<<Embodiment of outputting replanned plan of operation plan for the day>>

[0073] The following embodiment will describe a case of replanning an operation plan for the day of a fixed route bus
with reference to a flowchart of FIG. 2.

[0074] The embodiment described below deals with the fixed route bus as an example, and the present invention is
not construed as being limited to the following description. Therefore, for example, as another example, a vehicle of the
bus to be described below may be replaced with a vehicle on a railway, or may be replaced with an aircraft in aviation
(a passenger aircraft or the like). As another example, a bus operation route described below may be replaced with a
conventional line and Shinkansen operation route on a railway, and an air flight in aviation.

[0075] The embodiment can be used in a case in which when any one or,more schedules in the daily operation plan
cannot be performed by the vehicle in charge due to an error such as an accident, a vehicle breakdown, or the like (when
a so-called emergency occurs), it is required to replan the operation plan in real time. Alternatively, the embodiment can
also be used in a case in which there is plenty of time such that real-time performance is not required, the operation
plan is generated according to a certain rule determined in advance, and the operation plan is reorganized without
breaking the rule as much as possible.

[0076] Inthe embodiment, it is assumed that it becomes difficult for one vehicle of the fixed route bus to return within
the day for some reason, and a remaining vehicle (a bus) performs (performs as a substitute vehicle) a schedule planned
in the operation plan for the day (the planned candidate 161 described above). However, this is only an example for
description, and the embodiment may be a case in which the vehicle (the bus) is replaced with a crew member. For
example, even when the original plan is performed in a state where the number of crew members is smaller than the
planned number of crew members due to absence, sudden iliness, or the like of the crew member, those in the same
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industry can easily imagine a replacement for the problem.

[0077] First, with reference to the flowchart illustrated in FIG. 2, an outline of a processing procedure up to the output
of the replanned plan in the information processing system 10 will be described, and details of each procedure (steps
S1 to S6) will be additionally described later.

[0078] In step S1, the information processing system 10 first reads input data. In one specific example, as described
above in FIGS. 1 and 3, reading of the input data is implemented by reading various information on the original plan
transmitted from the external device such as a PC or the like by the operation of the processor of the input and output
support unit 20. As illustrated in FIG. 3, the read input data may be stored in the input data storage unit 30 such as an
HDD or the like in the input and output support unit 20 so as to be classified (divided) according to a type of information.
In step S1 illustrated in FIG. 2, it is assumed that the input data includes accident information which will be described
later. In other words, it is not required to generate the replanned plan while the accident and the difficult-to-perform
schedule do not occur.

[0079] Next, in the following step S2, the processing support unit 50 of the information processing system 10 (the
planned candidate generation unit 141 illustrated in FIG. 1) enumerates each of the planned candidate, the plan execution
information, and the change information described above by using the input data stored in the input data storage unit
30. At this time, as illustrated in FIG. 1, the planned candidate generation unit 141 outputs the intermediate data so that
the enumerated information is classified (divided) into the planned candidate 161, the plan execution information 162,
and the change information 163 according to the type of information, and stored in the storage unit 60. Further details
of a processing content in step S2 will be described later in the descriptions of FIG. 6 and subsequent drawings.
[0080] Hereinafter, the planned candidate, the plan execution information, and the change information at the stage
before becoming the intermediate data (the planned candidate 161, the plan execution information 162, and the change
information 163) may be collectively referred to as "intermediate information" .

[0081] In the next step S3, the calculation unit 40 of the processing support unit 50 calculates model generation
processing, particularly, the interaction coefficient and the external field coefficient of the interaction model by using the
intermediate information generated (enumerated) in the previous step. The above-described calculation is performed
by the model generation unit 142 of the calculation unit 40 (refer to FIG. 1).

[0082] Further details of steps S2 and S3 will be described later.

[0083] In the following step S4, the information processing system 10 transmits the interaction model generated in the
previous step from the model generation unit 142 to the optimization calculation unit 80 illustrated in FIG. 1, and the
optimization calculation unit 80 performs an optimization calculation for optimizing the interaction model (for example,
minimizing the cost).

[0084] In the next step S5, the optimization calculation unit 80 of the information processing system 10 transmits
(sends) an output result to the aggregation processing unit 143 of the calculation unit 40 as a result of outputting the
optimized (for example, minimized) solution calculated in the previous step. Next, the aggregation processing unit 143
performs aggregation processing to generate output data, and the aggregation processing unit 143 transmits (sends)
the output data to the input and output support unit 20.

[0085] In a specific example of the aggregation processing, the aggregation processing unit 143 shapes the output
data, thatis, arranges the output data in a format that is easy to be seen by the user by using the result of the optimization
calculation in step S4 (for example, the minimized solution) and the intermediate data (the planned candidate 161, the
plan execution information 162, and the change information 163). As illustrated in FIG. 3, the output data storage unit
90 is provided in the input and output support unit 20, and the output data may be stored in the output data storage unit
90 so as to be classified (divided) according to a type of information (a replanned plan 191, a change cost 192, a changed
portion 193 in the example illustrated in FIG. 3).

[0086] In the following step S6, the information processing system 10 outputs the replanned plan 191 in the output
data storage unit 90 to the external device such as the PC or the like by the processing of the processor of the input
and output support unit 20, and terminates the processing. Hereinabove, the outline of the processing performed by the
information processing system 10 is described.

[0087] Hereinafter, a part of the procedure of the flowchart of FIG. 2 will be additionally described.

<1. Input and output data>

[0088] As an example of the input data read in step S1, the following information (30-1), (30-2), and (30-3) may be
prepared as shown in the input data storage unit 30 of FIG. 3.

(30-1) Original operation plan 131

[0089] Inthe embodiment, the original operation plan 131 is information that becomes a target of the replanning (more
specifically) output by the information processing system 10, and normally indicates information of the operation plan
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generated at the beginning (original) of formulating the plan.
(30-2) Accident information 132

[0090] The accident information 132 includes, for example, time of occurrence of an accident or the like causing the
replanning, a vehicle that cannot be operated, and information on a corresponding crew member when there is the crew
member who cannot perform his or her duty.

(30-3) Constraint condition 133

[0091] The constraint condition 133 includes, for example, a condition required when a normal operation plan is
generated.

[0092] Next, a specific example of the "original operation plan 131" described in (1) will be described with reference
to FIG. 4.

[0093] As illustrated in FIG. 4, as the specific example of the original operation plan 131, a matrix type operation plan
table can be used. In the example illustrated in FIG. 4, information on a schedule (a plan) of each of the vehicles 1 to 8
assigned for a specific day is recorded.

[0094] For simplification of description, Fig. 4 shows a plan in which eight vehicles are provided and each vehicle has
up to 6 schedules, and actually, a plan table including information on a larger number of vehicles and a larger number
of schedules for each vehicle can be generated.

[0095] For convenience of description, in the example illustrated in Fig. 4, the schedule is not assigned to the vehicle
8 which is a vehicle for accident response, and this example is not limited thereto and any schedule may be assigned
to the vehicle 8. On the contrary, the number of vehicles for the accident response (vehicles to which the schedule is
not assigned) may be configured to be increased.

[0096] On the other hand, when the number of vehicles to which the schedule is not assigned for the accident response
are increased, it is easier to perform the calculation of the replanning, but there are other problems such as vehicle
management, a standby driver, or the like. Therefore, in the embodiment, it is assumed that the original operation plan
131 is planned to eliminate or reduce the number of vehicles that are not assigned with the schedule per day as much
as possible.

[0097] In the example of the original operation plan 131 illustrated in FIG. 4, the schedule corresponding to each
vehicle (the vehicles 1 to 8) is represented by a table type, and this is only an example. Any configuration may be used
as long as it can be known that which vehicle is in charge of which schedule. For example, as another example, data
for generating an operation diagram may be used.

[0098] In other words, the numbers of schedules 1 to 24 illustrated in FIG. 4 are simply serial numbers in order to
distinguish (identify) a route (from a departure place to an arrival place) of a vehicle to be operated (moves from the
departure place to the arrival place) in one day.

[0099] In the example of the original operation plan 131 illustrated in FIG. 4, each schedule assigned to the vehicle
number is performed in order from the schedule having the smallest number. For example, the schedule 1, the schedule
2, the schedule 3, and the schedule 4 assigned to the vehicle 1 are performed in the order of the schedules 1, 2, 3, and
4 from an aspect of operating time. For example, the schedule 4 is performed earlier than the schedules 5, 7, 9, 12, 18,
and 21. As described above, an interval (for example, a driver’s break time, a working time associated with a driver
change, or the like) can be provided between the respective schedules (appropriately, refer to schedules 1 to 4 or the
like in FIG. 7).

[0100] In the example of the original operation plan 131 illustrated in FIG. 4, in a plurality of schedules assigned to
one vehicle and arranged in one row, an arrival place of a schedule n (end of a route) and a departure place of a schedule
n + 1 (beginning of a route) have the same relationship. For example, when an arrival place (end of the route) of the
schedule 1 in the vehicle 1 is a place B, a departure place (the beginning of the route) of the schedule 2 is also the place B.
[0101] As a whole, the schedules assigned to the vehicle number (one vehicle), which are arranged in one row of the
original operation plan 131 (the matrix table) illustrated in FIG. 4, represent the number of routes planned to be performed
in a specific day and the order in which the schedules are planned to be performed.

[0102] On the other hand, the schedules arranged in the same column of the table illustrated in FIG. 4 are independent
of each other, and have no time-related priority relationship. For example, the schedule 7 of the vehicle 3 may be
performed earlier than the schedule 5 of the vehicle 2 (appropriately, refer to FIG. 7 or the like).

[0103] Based on the above description, in this specification, the "schedule" indicates the one including information at
least on the operation route and operation time. In this regard, even though different terms are used depending on an
industry, a trader, or the like, as long as the one including the information on the operation route and operation time is
used, the one corresponds to the "schedule". A target period of the replanning is a day-to-day basis (1 day) in the
embodiment, and is not limited thereto. For example, the target period thereof may be determined based on a plurality
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of days, a week, a month, or the like.

[0104] Next, more detailed contents of "the accident information 132" as the information of (30-2) will be described.
[0105] In one specific example, the accident information 132 is sufficient enough as long as the accident information
132 includes a vehicle that becomes inoperable and information on a number of a schedule that is not performed yet
(not moved) by the vehicle in charge or time when the vehicle in charge becomes inoperable. The "time" information
may be later than time when the inoperable vehicle is discovered, and any time may be sufficient enough as long as the
number of the schedule not performed yet by the vehicle in charge, in other words, the schedule requiring the replanning
can be specified and determined.

[0106] For convenience, the time input as the accident information will be referred to as "accident occurrence time" .
The inoperable vehicle to be input as the accident information will be referred to as an "accident vehicle". For the
convenience of description, while the accident is used herein, a cause requiring the replanning may include a cause
other than the accident, such that the cause is not limited to the accident.

[0107] Next, more detailed contents of the "constraint condition 133" as the information of (30-3) will be described.
The constraint, condition 133 is, for example, detailed information that is a breakdown of each schedule required to
perform the operation. As illustrated in FIG. 5, the constraint condition 133 includes, for example, the departure place
and the arrival place (hereinafter, the departure place and the arrival place may be collectively referred to as a "departure
and arrival place"), which are the breakdown of the route (the beginning and end) of each schedule (schedules 1, 2,
3, ...), the departure time to depart from the departure place and the arrival time to stop (arrive) at the arrival place
(hereinafter, the departure time and the arrival time may be collectively referred to as "departure and arrival time"), a
type of vehicle required for the schedule, or the like.

[0108] In the following description, it is assumed that the type of vehicle is the same concept as that of a vehicle ID
that identifies each vehicle, and that different vehicles are given different numbers. However, additional information may
include, for example, whether the vehicle is a large vehicle or a small vehicle, the maximum number of passengers, a
maximum load weight, a vehicle height, or the like. As an example of this case, the number for the vehicle type (1, 2)
may be represented by adding a branch number (for example, represented as a vehicle 1-1-30, a vehicle 2-2-5, or the like).
[0109] The constraint condition 133 also includes a constraint condition required when the original operation plan is
generated, in addition to the detailed information of each schedule. For example, when there are an interval time between
schedules (a constraint condition in accordance with the rules such as stopping at a bus stop of a large railway station
for 10 minutes or more), and a last operation time (a constraint condition such as the operation cannot be allowed after
23:00 in accordance with the rules of employment or the like), the interval time therebetween and the last operation time
are input in the same manner. The constraint condition 133 may be stored in the input data storage unit 30 in advance
in preparation for an accident.

[0110] On the other hand, as an example of the output data, as illustrated in the output data storage unit 90 of FIG.
3, the following information (90-1), (90-2), and (90-3) are stored therein.

(90-1) Replanned plan 191

[0111] In the embodiment, the replanned plan 191 is information indicating one or more changed plan with respect to
the original plan. A specific aspect of the replanned plan 191 will be described later in the descriptions of FIG. 7 and
subsequent drawings.

(90-2) Change cost 192

[0112] In the embodiment, the change cost 192 is information indicating the cost (loss of money, time, or the like)
caused by replanning, that is, a change of the original plan, and corresponds to an "additional cost" of the present
invention. The change cost 192 is shown for each replanned plan when a plurality of replanned plans are generated.

(90-3) Changed portion 193

[0113] In the embodiment, the changed portion 193 is information indicating a changed content, that is, a difference
(a changed portion) between the original operation plan 131 and the replanned plan 191. In one specific example, the
changed portion 193 includes the difficult-to-perform schedule that occurred and various information related thereto
(time of accident occurrence, a vehicle in which the accident occurs, a selected substitute vehicle, or the like). In this
system, itis desirable that these pieces ofinformation are output (displayed, printed, or the like) as visually understandable
information, as will be described later.

[0114] Specific aspects (an output example or the like) of the output data (the replanned plan 191, the change cost
192, and the changed portion 193) will be described later in the following description of FIG. 7.
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<2. Enumeration of planned candidates, plan execution information, and change information>

[0115] The above-described "intermediate information" can be generated by using a method such as a column gen-
eration method or the like. Hereinafter, a procedure of generating the intermediate information and an example of a
completed data format will be described. The procedure of generating the intermediate information described below is
only an example, and there are no specific restrictions on a type of procedure and a type of output format for generating
the intermediate information.

[0116] An example of the procedure of generating the intermediate information will be described with reference to a
flowchart of FIG. 6 and a graph of FIG. 7. The flowchart illustrated in FIG. 6 corresponds to the subroutine in step S2
described above in FIG. 2.

[0117] Atfter step S1 (reading of the input data) in FIG. 2 is performed, in step S20 of FIG. 6, first, as illustrated in FIG.
7, the processor of the information processing system 10 (the planned candidate generation unit 141 in the calculation
unit 40 of the processing support unit 50, and the same applies to step S22) generates data obtained by making a
directed graph of a connection between each vehicle and each schedule (hereinafter, simply referred to as a "directed
graph").

[0118] It can be seen that the directed graph illustrated in FIG. 7 can be generated based on the original operation
plan 131 of FIG. 4 described above, the constraint condition of FIG. 5, and the accident information 132. In the example
illustrated in FIG. 7, the accident information 132 indicates a case in which the vehicle 3 becomes an accident vehicle
at 15:00, in other words, the schedule 8 cannot be performed by the vehicle 3.

[0119] The graph to be generated is not required to be drawn in a picture or visible form as illustrated in Fig. 7, and
is sufficient enough as long as the information of the respective nodes 101 and 102 and the respective links 103 and
104 is stored in the storage unit as digital data. Continuously, the processor of the information processing system 10
adds a link (a new directed link 103-Ch which will be described later) to the directed graph generated as illustrated in
FIG. 7 according to the input constraint. The above-described processing will be described later in the description of
FIGS. 8 and 9.

[0120] In step S22, the processor of the information processing system 10 generates the intermediate information (the
intermediate data) by performing a graph search following the added link, and the generated intermediate information
(161 to 163) is saved or updated in the storage unit 60, and the processing of the flowchart of FIG. 6 is completed.
[0121] Next, a specific example of a procedure of step S20 (generation of the directed graph) and a procedure of step
S22 (enumeration of the planned candidate, the plan execution information, and the change information by a route
search on the directed graph), which are the subroutines of the flowchart of FIG. 6, will be described.

<2-1. Example of directed graph generation procedure>

[0122] First, an outline in the middle of generating the directed graph will be described with reference to FIG. 7.
[0123] The directed graph includes the vehicle node 101, the schedule node 102, and an arrow-shaped link (the
directed link 103 or the dotted line link 104) connecting the nodes 101 and 102. The example illustrated in FIG. 7 is a
graph on the assumption of a case in which eight vehicles of the vehicles 1 to 8 are used to perform 24 schedules of
the schedules 1 to 24 according to the original operation plan 131 described in FIG. 4 and the constraint condition 133
described in FIG. 5.

[0124] However, in order to avoid complicated description, in FIG. 7, the vehicle nodes 101 of the vehicles 4 to 7 and
the schedule nodes 102 of the schedules 9 to 24 of the original operation plan 131 assigned to the vehicles 4 to 7 are
omitted.

[0125] In the embodiment, the directed link 103 is used as an arrow from the vehicle node 101 to the schedule node
102, or is used as an arrow from one schedule node 102 to another schedule node 102 (the later schedule node 102
that does not overlap in time).

[0126] The directed link 103 is not connected between the vehicle nodes 101, and a length of the directed link 103
has no technical meaning.

[0127] The basic significance of the directed link 103 described above is the same for the dotted line link 104 to be
used when the accident occurs.

[0128] A difference between the directed link 103 and the dotted line link 104 is that when the accident occurs in any
one of the vehicles specified in the original operation plan 131, the dotted line link 104 is used as an arrow directed
toward the schedule node 102, which is not performed yet, of the vehicle node 101 and the respective schedule nodes
102 assigned to the accident vehicle.

[0129] In the same manner as that of the directed link 103, the dotted line link 104 is not connected between the
vehicle nodes 101, and in addition thereto, a length of the dotted line link 104 has no technical meaning.

[0130] Inthe above description, a form of the "arrow directed toward the schedule node 102 that is not performed yet"
of the dotted line link 104 can be roughly classified into the following accident examples 1 to 3.
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[0131] Accident example 1: In the case of an arrow directed from the vehicle node 101 of the accident vehicle to all
the schedule nodes 102 to be performed by the vehicle (a case in which since the accident occurs from the departure
time, the dotted line link 104 is connected from the vehicle node 101 of the accident vehicle to all of the first schedule
node 102, and the last schedule node 102).

[0132] Accident example 2: a case in which since the vehicle becomes the accident vehicle after performing any one
of the schedules, the dotted line link 104 is connected between the schedule nodes 102 from the performed schedule
node 102 to the next schedule node 102 and the last schedule node 102, which can follow the link from the vehicle node.
[0133] Accidentexample 3: a case in which since the vehicle becomes the accident vehicle in the middle of performing
the last schedule or after performing a previous schedule of the last schedule, the dotted line link 104 is connected from
the performed schedule node 102 to the last schedule node 102.

[0134] In general, an amount required to change the content of the original operation plan 131 (refer to FIG. 4) (in
other words, an amount of data of the change information 163) is increased in the order of the accident example 3, the
accidentexample 2, and the accident example 1, and in order to avoid complicated description, generation of the directed
graph on the assumption of the case of the accident example 3 will be described below.

[0135] FIG. 8illustrates a flowchart showing a procedure in which the directed graph illustrated in FIG. 7 is generated
according to the original operation plan 131, the accident information 132, and the constraint condition 133 described
above, and then a graph as illustrated in FIG. 9 (hereinafter referred to as a "change candidate graph") is generated
based on the directed graph.

[0136] In step S201, the processor of the information processing system 10 (the planned candidate generation unit
141 of the calculation unit 40) secures a data storage area corresponding to all the nodes (the vehicle node 101 and
the schedule node 102) specified in the original operation plan 131. This area can be secured, for example, by securing
the data storage area for the planned candidate 161, the plan execution information 162, and the change information
163 in the storage unit 60.

[0137] Continuously, in step S202, the planned candidate generation unit 141 (the processor, the same applies here-
inafter) stores (inputs) the corresponding information with respect to all the nodes (same as above). Specifically, the
planned candidate generation unit 141 stores necessary information such as the start time, the departure place, the
vehicle information, or the like of the original plan read from the input data in a storage area corresponding to each
vehicle node 101. The planned candidate generation unit 141 stores necessary information such as the departure and
arrival place, the departure and arrival time, the operation condition, or the like of the original plan read from the input
data (refer to step S1in FIG. 2) in a storage area corresponding to each of the schedule nodes 102 and 105. The planned
candidate generation unit 141 performs processing of connecting the corresponding link (the directed link 103 or the
dotted line link 104) to all the nodes (same as above), based on the accident information 132 and the constraint condition
133 read from the input data.

[0138] By performing the processing of steps S201 and S202 described above, it is possible to generate the data
corresponding to the directed graph described above in FIG. 7. In other words, steps S201 and S202 correspond to the
subroutine of step S20 illustrated in FIG. 6.

[0139] Referring back to Fig. 7, it can be seen that in the directed graph generated at this point, each schedule node
102 includes information on the departure and arrival place and the departure and arrival time in accordance with the
input data (the constraint condition 133 described above in FIG. 5) .

[0140] For example, the schedule node 102 corresponding to the schedule 1 is a schedule in which a vehicle departs
from a bus stop A (a node start end) at 7:10 and arrives at a bus stop B (a node rear end) at 9:10, and is a schedule
assigned to the vehicle 1. The schedule node 102 corresponding to the schedule 2 is a schedule in which the vehicle 1
departs from a bus stop B (a node start end) at 11:30 and arrives at a bus stop A (a node rear end) at 13:30. The same
also applies to steps 3 and 4 continuously performed by the vehicle 1. The directed link 103 is connected so that a
plurality of nodes 101 (the vehicle 1) and 102 (the schedule 1) to 102 (the schedule 4) are connected one-to-one in
chronological order.

[0141] Next, the directed graph illustrated in FIG. 7 illustrates the case in which the vehicle 3 becomes the accident
vehicle at 15:00 after performing the schedule 7 according to the accident information 132 in the input data. Therefore,
the schedule node 102 of the schedule 8 that requires a change in the assignment of the vehicle is indicated by a
reference sign 102-Ch, and the schedule node 102 of the schedule 7 and the schedule node 102 (102-Ch) of the schedule
8 are connected by the dotted line link 104.

[0142] In other words, the schedule node 102-Ch (only the schedule 8 in FIG. 7) is a schedule that is planned to be
performed by the vehicle 3 in the original plan but cannot be performed by the vehicle 3 due to the accident occurrence
in the vehicle 3, and corresponds to the "difficult-to-perform schedule" of the present invention.

[0143] It can be said that the dotted line link 104 is a link for a schedule for which a link is supposed to be connected
according to the original plan and which may not be performed due to the accident occurrence. In other words, it can
also be said that in the original plan, the directed link 103 is planned to be connected between the schedules 7 and 8,
but the directed link 103 is not actually connected therebetween and the dotted line link 104 (indicating that the schedule
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8 cannot be performed by the vehicle 3) is in a state of being connected therebetween instead. Thus, in the example
illustrated in FIG. 7, the schedule node 102-Ch of the schedule 8 (the difficult-to-perform schedule) that cannot be
performed by the vehicle 3 is required to be connected to the directed link 103 from the node (the vehicle node 101 or
the schedule node 102) assigned to any other vehicles (the vehicles 1, 2, 4 to 8 in this example), and is required to be
performed by the other vehicle.

[0144] Continuously, processing from steps S203 to S212 in the flowchart of FIG. 8 will be described. The processing
corresponds to processing up to generation of the change candidate graph as illustrated in FIG. 9 based on the directed
graphillustrated in FIG. 7. In FIG. 8, this processing can be implemented by first performing only a loop passing through
step S205 in a branch at step S204 to generate the graph of FIG. 7, and then by performing a loop passing through step
S206 .

[0145] When both steps S205 and S206 are processed at the same time, the graph in a state of FIG. 9 can be generated
without generating a state of FIG. 7.

[0146] In one specific example, the planned candidate generation unit 141 performs processing of connection attempt
of the following directed link 103 (steps S203 to S207), with respect to the vehicle nodes 101 of all the vehicles (the
vehicles 1, 2, 4 to 8 in this example) other than the accident vehicle.

[0147] First, in step S203, the planned candidate generation unit 141 sets the vehicle node 101 of one vehicle (for
example, the vehicle 1) as an implementation target (hereinafter, the one vehicle node 101 is referred to as an "attention
node") .

[0148] In the following step S204, the planned candidate generation unit 141 determines whether or not the start time
of the attention node is earlier than the accident occurrence time (15:00 in this example).

[0149] As a result of the above-described determination, when the start time thereof is earlier than the accident
occurrence time (step S204, YES), the planned candidate generation unit 141 determines that link connection therebe-
tween cannot be performed, and proceeds to step S205.

[0150] On the other hand, as a result of the above-described determination, when the start time thereof is not earlier
than the accident occurrence time (step S204, NO), the planned candidate generation unit 141 determines that the link
connection therebetween can be performed, and proceeds to step S206.

[0151] In step S205, the planned candidate generation unit 141 maintains a state in which the directed link 103 is
connected in a direction of the schedule, which is the first schedule to be performed by the vehicle in charge (for example,
the schedule node 102 of the schedule 1 when the attention node is the vehicle 1), as originally planned, and proceeds
to step S207.

[0152] On the other hand, in step S206, the planned candidate generation unit 141 performs setting of connecting the
directed link 103-Ch (appropriately, refer to FIG. 9) from the vehicle node 101 of the attention node to the schedule node
102-Ch (of the schedule 8 which may not be performed) which becomes a connection destination of the above-described
dotted line link 104, and proceeds to step S207.

[0153] In step S207, the planned candidate generation unit 141 determines whether or not an attempt is performed
to connect the directed link 103-Ch from the vehicle nodes 101 of all the vehicles other than the accident vehicle (the
vehicles 1, 2, 4 to 8 in this example) to the schedule node 102-Ch.

[0154] As a result of the above-described determination, when the connection attempt is not performed yet on the
vehicle nodes 101 of all the vehicles other than the accident vehicle (step S207, NO), the processing returns to step
S203, and the planned candidate generation unit 141 pays attention to the vehicle node on which the connection attempt
is not performed, and repeats the processing of steps S204 to S207 described above.

[0155] On the other hand, when it is determined that the connection attempt is performed on the vehicle nodes 101
of all the vehicles other than the accident vehicle (step S207, YES), the planned candidate generation unit 141 proceeds
to step S208.

[0156] In this example, by performing the above-described processing, as illustrated on a lower side in FIG. 9, the
directed link 103-Ch is connected from the vehicle node 101 of the so-called emergency standby vehicle 8 to the schedule
node 102-Ch of the schedule 8.

[0157] However, since the vehicle 8 is located at the place B when the accident of the vehicle 3 occurs (refer to FIG.
9), first, it is required for the vehicle 8 to move to the place C in order to perform the schedule 8.

[0158] In step S208, the planned candidate generation unit 141 performs processing of the connection attempt of the
following directed links 103, with respect to all the schedule nodes (the schedule nodes 102 other than the schedule
node 102-Ch indicated by the dotted line link 104, the same applies hereinafter) (steps S208 to S212).

[0159] In step S208, the planned candidate generation unit 141 sets the schedule node 102 of one schedule (for
example, the schedule 1) as an implementation target (similarly to the above description, the one schedule node 102 is
referred to as an "attention node").

[0160] Continuously, in step S209, the planned candidate generation unit 141 determines whether or not the departure
time of the attention node is earlier than the accident occurrence time (15:00 in this example).

[0161] As a result of the above-described determination, when the departure time thereof is earlier than, the accident
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occurrence time (step S209, YES), the planned candidate generation unit 141 determines that the link connection cannot
be performed, and proceeds to step S210.

[0162] On the other hand, as a result of the above-described determination, when the departure time thereof is not
earlier than the accident occurrence time (step S209, NO), the planned candidate generation unit 141 determines that
the link connection can be performed, and proceeds to step S211.

[0163] In step S210, the planned candidate generation unit 141 maintains a state in which the directed link 103 is
connected to the schedule (for example, the schedule node 102 of the schedule 2 when the attention node is the schedule
1) as originally planned, and proceeds to step S212.

[0164] On the other hand, in step S211, the planned candidate generation unit 141 performs setting of connecting the
directed link 103-Ch (appropriately, refer to FIG. 9) from the schedule node 102 of the attention node to the schedule
node 102-Ch (of the schedule 8 which may not be performed) which is the connection destination of the above-described
dotted line link 104, and proceeds to step S212. Here, a "delay allowable time" of FIG. 8 will be described. For example,
in the example of the original plan illustrated in FIGS. 7 and 9, the departure time of the schedule 6 is 14:30 and the
arrival time thereof is 15:30, such that when a link is connected from the schedule 6 to the schedule 8 (the departure
time is 16:20, the arrival time is 17:20) and the connected link is used as the replanned plan, the schedule 8 can be
performed without changing the time. However, when the arrival time of the schedule 6 is planned to be later than the
departure time of the schedule 8, for example, the departure time of the schedule 6 is 15:30, and the arrival time thereof
is 16:30, and a replanned plan from the schedule 6 to the schedule 8 is intended to be formulated, the departure time
of the schedule 8 should be reset after 16:30. If the interval time is 5 minutes, the departure time of the schedule 8
becomes 16:35, thereby formulating the replanned plan that is 15 minutes later than the original plan. The extent to
which this delay time is allowed will be referred to as an allowable delay time here. The allowable delay time varies
depending on a vendor, such that the allowable delay time is set as necessary.

[0165] In step S212, the planned candidate generation unit 141 determines whether or not an attempt is performed
to connect the directed link 103-Ch to all the schedule nodes 102.

[0166] As a result of the above-described determination, when the connection attempt is not performed yet on all the
schedule nodes 102 (step S212, NO), the planned candidate generation unit 141 returns to step S208, pays attention
to the schedule node 102 on which the connection attempt is not performed, and repeats the processing of steps S209
to S212 described above.

[0167] On the other hand, when it is determined that the connection attempt is performed on all the schedule nodes
102 (step S212, YES), the planned candidate generation unit 141 ends the routine of FIG. 8.

[0168] In this example, as illustrated on a right side in FIG. 9, by performing the above-described steps S208 to S212,
the directed link 103-Ch is connected from the schedule node 102 of the schedule 6 to the schedule node 102-Ch of
the schedule 8.

[0169] By performing such a series of processing, in the information processing system 10, the graph as illustrated in
FIG. 9, that is., the change candidate graph in which the directed link 103-Ch as a change candidate (hereinafter, also
referred to as a "change candidate link") is connected is generated.

<2-2. Example of procedure for enumerating intermediate data by graph search>

[0170] Next, an example of a procedure for generating the change information 163 of the above-described intermediate
data after generating the change candidate graph as described above in FIG. 9 will be described. The change information
163 can be generated in the middle of performing the graph search according to a certain rule along the link on the
change candidate graph illustrated in FIG. 9.

[0171] An example of this graph search procedure is illustrated in a flowchart of FIG. 10. Before describing details of
the flowchart of FIG. 10, first, an outline of generating the intermediate data from the graph search will be described with
reference to FIGS. 11 and 12.

[0172] Here, FIG. 11 illustrates a change candidate graph similar to the graph illustrated in FIG. 9, and the directed
link 103 and the change candidate link 103-Ch related to the processing are highlighted with a thick line. In FIG. 11, on
the directed link 103-Ch connected from the vehicle node 101 of the vehicle 8 to the schedule node 102-Ch of the
schedule 8, an additional schedule (a schedule node indicated by "addition 1" in the drawing) for causing the vehicle 8
to move from the place B to the place C is inserted.

[0173] Onthe otherhand, FIG. 12is a table illustrating an example in which the original plan and the plan of the change
candidate are represented by a binary value of 0/1. For reference and ease of understanding, columns from left to third
in FIG. 12 (that is, the columns of planned candidates j = 1, 2, 3, and particularly the column of j = 3) indicate a binary
value when each schedule (in this example, the schedule 1 to the schedule 8) is performed as originally planned.
[0174] A row forming a node number i of the table illustrated in FIG. 12 (hereinafter, may be referred to as a "planned
candidate table") corresponds to each node (the vehicle node 101 and the schedule node 102) of the change candidate
graph illustrated in FIG. 11, and the column forming the planned candidate j of the table starts with the vehicle node 101
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as the start of the graph, and corresponds to a route (a route along which movement has already been made or movement
will be made) that is connected according to the rules described above (the end and the next start are the same).
[0175] The value (the binary number) stored in each field of the table in Fig. 12 is determined by a rule in which the
value is set to 1 when the route shown in each column (the planned candidate j) passes through the node shown in each
row, and the value is set to 0 when the route does not pass therethrough, and stored therein.

[0176] However, the schedule 8 (i = 16) in the column of the planned candidate j = 3 shown for reference is shown in
parentheses and with underlined 1 because the schedule 8 cannot be actually performed.

[0177] The column of the planned candidate j can also be generated for each route (the node number i).

[0178] With reference to FIGS. 12 and 11, a plan content in a route following the change candidate link 103-Ch related
to the vehicle 2 on the change candidate graph illustrated in FIG. 11 can be represented as a column shown in the
planned candidate j = 4 in FIG. 12.

[0179] On the other hand, a plan content in a route following the change candidate link 103-Ch related to the vehicle
8 on the change candidate graph illustrated in FIG. 11 can be represented as a column shown in the planned candidate
j=5inFIG. 12.

[0180] In general, the value of 0/1 (the binary number) in each. field in the table of FIG. 12 is an element forming the
planned candidate 161 which is one of the above-described intermediate data.

[0181] For example, as shown by the thick line at a position in the middle of the graph illustrated in FIG. 11, there is
a route that starts from the vehicle node 101 of the vehicle 2 and follows a route (the thick line) in the order of the schedule
5, the schedule 6, and the schedule 8. The above-described route becomes a value of a column j = 4 in the change
candidate table of FIG. 12. The value (the binary value) in each field of the column of j = 4 corresponds to a value
indicating a first change candidate.

[0182] Specifically, since the route starts from the vehicle 2 and passes through the schedules 5, 6 and 8, in the column
of j = 4 (the first change candidate), a row of the vehicle 2 and the schedules 5, 6 and 8 becomes 1, and the rest thereof
becomes 0. The route in the column of j = 4 (the first change candidate) corresponds to the candidate for the operation
plan of the vehicle 2 after the replanning.

[0183] On the other hand, as illustrated by a thick line at a lower position of the graph illustrated in FIG. 11, there is a
route that starts from the vehicle node 101 of the vehicle 8 and follows a route (the thick line) in the order of the additional
schedule 1 and the schedule 8. The above-described route becomes a value of a column of j = 5 in the change candidate
table of FIG. 12. The value (the binary value) in each field of the column of j = 5 corresponds to a value indicating a
second change candidate.

[0184] Specifically, since the route starts from the vehicle 8 and passes through the additional schedule 1 and the
schedule 8, in the column of j = 5 (the second change candidate), a row of the vehicle 8, the addition 1, and the schedule
8 becomes 1, and the rest thereof becomes 0. The route in the column of j = 5 (the second change candidate) corresponds
to the candidate for the operation plan of the vehicle 8 after the replanning.

[0185] Next, the change candidate table as illustrated in FIG. 12 can be generated simultaneously and in parallel by
the processor (the planned candidate generation unit 141) of the information processing system 10 when the change
candidate graph of FIG. 11 is generated.

[0186] The processor (the planned candidate generation unit 141) of the information processing system 10 calculates
a cost for each route (the node number i) and the planned candidate (j) described above, calculates an additional cost
(G;) for each planned candidate j, and stores the calculated value in the table.

[0187] Inone specificexample, the planned candidate generation unit 141 calculates an evaluation value corresponding
to a loss incurred by a user, such as an amount of loss when a delay occurs due to a change of the plan (for example,
O yen per minute of delay time) or the like, as the additional cost, and stores the evaluation value in the table. The
planned candidate generation unit 141 may calculate, as the additional cost, an evaluation value corresponding to a fuel
cost, a labor cost, or the like which are unnecessarily generated by a change of the route, and may store the evaluation
value in the table.

[0188] For example, routes in the columns of j= 1 and j = 2 have the same contents as originally planned, such that
the additional cost does not occur. On the other hand, a route in the column of j = 3 incurs cost such as repair or the
like when the vehicle 3 breaks down, but a value of 0 or null is stored because it is considered that the additional cost
caused by the change of the plan does not occur yet.

[0189] On the other hand, in a route of the column of j = 4 (the first change candidate), the vehicle 2, as a substitute
vehicle, performs the schedule 8 which is originally supposed to be performed by the vehicle 3 as compared with the
route of the column of j = 2, the cost of fuel consumption or the like of the vehicle 2 increases, and it is considered that
there is no loss incurred by the user because the schedule 8 can be performed without the delay time. Therefore, 0.1
is calculated and stored in the table as the additional cost (C)) of the column of j = 4.

[0190] On the other hand, in the route of the column of j = 5 (the second change candidate), since it is required to
substantially perform two schedules (the additional schedule 1 and the schedule 8) when the vehicle 8, as a substitute
vehicle, performs the schedule 8, the cost of fuel consumption increases and the personnel cost also increases as
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compared with the case in which the vehicle 2, as a substitute vehicle, performs the schedule 8. On the other hand, in
this case as well, it is considered that there is no loss incurred by the user because the schedule 8 can be performed
without the delay time. Therefore, 0.5 is calculated and stored in the table as the additional cost (C;) of the column of j = 5.
[0191] Thus, the processor (the planned candidate generation unit 141)of the information processing system 10 de-
termines which change candidate is adopted as the changed plan in consideration of the additional cost (CJ-) calculated
for each change candidate and the substantial number of schedules to perform the schedule 8 (corresponding to the
"number of changes" of the present invention).

[0192] In this example, the route of the column of j = 4 (the first change candidate) has smaller both the additional
cost (Cj) and the substantial number of schedules to perform the schedule 8 than those of other routes. Therefore, the
processor (the planned candidate generation unit 141) of the information processing system 10 adopts the route of the
column of j = 4 (the first change candidate) as the changed plan. The directed graph after adopting the route of the
column of j = 4 is illustrated in FIG. 13.

[0193] In other words, by performing the above-described processing, processing of selecting the vehicle 2 corre-
sponding to the first change candidate from a plurality of candidates for the substitute vehicle (the vehicle 2 and the
vehicle 8 in this example) as a substitute vehicle for the schedule 8 (the difficult-to-perform schedule) is performed (the
function of the substitute vehicle selection unit).

[0194] At this time, the processor (the planned candidate generation unit 141) of the information processing system
10 can also generate the plan execution information 162 and the change information 163 described with reference to
FIG. 1. As described above, in FIGS. 9 and 11 or the like, the drawing (the graph) is drawn to be visually recognized for
description, and in the implementation of the present invention, it is not necessarily required to generate the graph to
search for the link.

[0195] The change information 163 is data for distinguishing between a schedule that is changed from the original
plan and a schedule that is not changed therefrom, among the planned candidates 161. As an example, the data in
which the values in the table illustrated in FIG. 15 are stored can be used. FIG. 13 includes the change information when
the substitute vehicle is finally selected in the accident occurrence case described in FIG. 7. Here, the planned candidates
j=1,j=2,andj = 3 illustrated in FIG. 12 are the original plan, the planned candidates j = 4 and j = 5 are candidates for
the change plan, and the planned candidate j = 4 is the plan in which the substitute vehicle is selected. In the example
illustrated herein, a change that causes a delay does not occur because the plan is simple, and as described above, it
is also possible to formulate a plan in which the departure time and the arrival time are changed within a range of the
allowable delay time.

[0196] Step S22 schematically described in FIG. 6, that is, an example of a procedure for the directed graph search,
and enumerating the planned candidate, the plan execution information, and the change information, is illustrated in the
flowchart of FIG. 10. Unless otherwise specified, the processing continuously proceeds in the order of numbers.
[0197] In step S221, the processor (for example, the planned candidate generation unit 141, the same applies here-
inafter) of the information processing system 10 attempts to perform the following steps S222 to S228 with respect to
all the vehicle nodes 101 (in this example, the vehicle nodes 101 of the vehicles 1 to 8).

[0198] In step S222, the processor of the information processing system 10 starts with the attention vehicle node 101
and performs a depth priority search for all routes. For example, based on the change graph illustrated in FIG. 13, the
vehicle 1 becomes a "depth 4" in consideration of the schedule 1, the schedule 2, the schedule 3, and the schedule 4.
Similarly, the vehicle 2 becomes a "depth 3", the vehicle 3 becomes a "depth 1" (due to the accident occurrence), and
the vehicle 8 becomes a "depth 0" (because the vehicle 8 is determined not to be operated).

[0199] In step S223, the processor of the information processing system 10 secures a necessary memory area for
the intermediate data (for example, one column of the table in Fig. 10 and the table in Fig. 11) for one candidate of the
operation plan of the attention vehicle.

[0200] In step S224, the processor of the information processing system 10 records information on the passed node
(the schedule that is already performed) . For example, when an interval is set because the end of the schedule is a
major train station or the like such that a constraint condition is imposed on the departure time of the next schedule, the
departure and arrival time is adjusted and stored in the plan execution information 162 as time after replanning. By
performing such processing, the response to the occurrence of the accident vehicle (the difficult-to-perform schedule)
can be smoothly performed.

[0201] Instep S225,the processor of the information processing system 10 determines whether or not a rule determined
by the constraint condition is broken. When it is determined that the rule is broken (step S225, YES), the processor of
the information processing system 10 terminates a search for the route of the attention vehicle. Here, cases where it is
determined that "the rule is broken" include a case where the maximum number of schedules is exceeded, a case where
the arrival time after replanning exceeds the final time, or the like.

[0202] In step S226, the processor of the information processing system 10 calculates and stores the cost of the
attention route according to a calculation method determined by the user.

[0203] Instep S227, the processor of the information processing system 10 determines whether or not a search attempt
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for all the routes is completed. When it is determined that the search attempt therefor is completed (step S22, YES), the
processor of the information processing system 10 proceeds to step S228. On the other hand, when it is determined
that the search attempt for all the routes is not completed yet (step S227, NO), the processor of the information processing
system 10 returns to step S223 in order to select a route on which the search attempt is not performed, and repeatedly
performs the processing from step S223 described above.

[0204] In step S228, the processor of the information processing system 10 determines whether or not a depth priority
search attempt for all the vehicle nodes is completed. When it is determined that the depth priority search attempt is
completed (step S228, YES), the processor of the information processing system 10 proceeds to step S229. On the
other hand, when it is determined that the depth priority search attempt for all the vehicle nodes is not completed yet
(step S228, NO), the processor of the information processing system 10 returns to step S221 in order to focus on a
vehicle node on which the depth priority search attempt is not performed.

[0205] In step S229, the processor of the information processing system 10 calculates and stores the change infor-
mation 163 according to a predetermined rule, and terminates a series of processing.

<3. Model generation>

[0206] The above-described example is described on the assumption that a relatively simple case is used for ease of
understanding. In the actual operation, it may be required to change the original operation plan in a more complicated
form and operate the changed operation plan. Therefore, in the information processing system 10 of the embodiment,
the optimization calculation unit 80 is provided, and the above-described processing related to the candidate determi-
nation and selection of the substitute vehicle can be performed by using a method for calculating an optimum solution
of the interaction model.

[0207] Here, the interaction model solved by the optimization calculation unit 80 is generated by using the planned
candidate 161 and the change information 163 described above. The following embodiment describes an example of
an interaction model that can be considered based on a set partitioning problem (a mathematical model of an equation
constraint of Equation 2). The model shown here is only one form of the embodiment, and is not limited to a form of the
set partitioning problem. Depending on a method for generating the planned candidate, the method can be considered
based on a set covering problem (an inequality constraint of Equation 2), or can be established by a completely different
formulation.

[0208] In the general set partitioning problem, for example, a binary variable X determines which combination of the
columns j of the planned candidates 161 such as the data in the table of FIG. 12 is selected. Specifically, x; = 1 is obtained
when the planned candidate in the column j is selected, and Xj = 0 is obtained when not selected. The actual replanned
plan is the one that takes out only a route where Xj = 1. In the example of FIG. 14, Aij of Equation 2 shown below is a
matrix of binary values of 0/1 surrounded by a thick frame 401.

[Equation 2]

N
Objective function: min Z ij].
Jj=1
M
ZAijxj >b
Constraint condition: i=1 (Equation 2)
X € {0,1}

[0209] In the Equation 2, C; is a cost which is a value of a portion surrounded by a thick frame 402 in FIG. 14. In
Equation 2, M is the number of rows, and in the example of FIG. 14, M = 11. N in Equation 2 is the number of columns
(that is, the number of planned candidates), and in the example of FIG. 14, M = 8.

[0210] The interaction model input to the optimization calculation unit 80 can be simply described as the following
Equation 3 in the set partitioning problem.

[Equation 3]
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2
H:Z,- Gy +Zl_ A¢ [Zj Aixy = 1} .. (Equation 3)

[0211] However, itis considered that the description of the Equation 3 still does not fully reflect the characteristics of
the replanned plan.

[0212] Here, inthe embodiment, the interaction model using the change information 163 is used. By using the interaction
model, the processor of the information processing system 10 (the substitute vehicle selection unitof the presentinvention)
can select a vehicle, in which the solution of the interaction model using the number of changes and the additional cost
becomes optimal, as the substitute vehicle. As an example of the interaction model (a calculation equation), the interaction
model shown by the following Equation 4 can be considered.

[Equation 4]

‘ 2 ‘
jlf({xj})=zj C}'xﬁii A [Z, Aifxi“?’i] +nzi;KjDi,-x; .. (Equation 4)

[0213] In Equation 4, Aij is a matrix of binary values of 0/1 surrounded by the thick frame 401 in FIG. 14, as shown in
Equation 2 described above. As shown in Equation 2, X in Equation 4 is also a variable that takes a binary value of 0/1,
and the column of the table in FIG. 12, that is, x; = 1 is taken when the planned candidate j is selected, and 0 is taken
when not selected.

[0214] C;is also the same as that of Equation 2, and is the cost when any planned candidate j is selected. Accordingly,
a first item of Equation 4 is the sum of the costs of the plan because only the cost CJ- when X = 1 is added, which coincides
with the objective function shown in Equation 2.

[0215] ), v;, and n of Equation 4 are any parameters. By adjusting these parameters appropriately, the calculation by
the optimization calculation unit 80 can reach the optimum solution as soon as possible. These parameters can be
adjusted manually, but may be configured to be automatically adjusted by an existing method in the model calculation
unit 142. When the optimization calculation unit can handle continuous variables, y; may be used as a variable.

[0216] When y; = 1 is set, Equation 4 coincides with Equation 3 which is a normal set partitioning problem.

[0217] Thatis, when all the vehicles and schedules (the vehicles 1 to 8 and the schedules 1 to 8 in the above example)
are included in any of the selected planned candidates, and the vehicle and the schedule do not overlap each other
between the selected different planned candidates, Zinjxj =1 is obtained.

[0218] Forexample,inFIG. 14, x.=1issetatj=1,j=6, andj =8, and in the case of another j excludingj= 1, =6,
and j = 8, when Xj = 0 is set, Zinjxj = 1 is obtained. In this case, a value in parentheses of the second item of Equation
4 becomes 0.

[0219] However, in other cases, the second item becomes a finite value, and a value of H becomes larger than when
it becomes O.

[0220] Since the optimization calculation unit 80 calculates the value of x; that minimizes the value of H as the optimum
solution, the value of X; whose second item becomes the finite value is not the optimum solution. However, in this patent,
i = 1 may not be required. This is because ZA;x; = 1 can be minimized when v; € (0.5,1] is set. Depending on the
problem, when there are a schedule and a vehicle that may or may not be included in the replanning, y; € (0,1] may be set.
[0221] A third item of Equation 4 is a characteristic item in the embodiment, and indicates that a value of a content of
the parenthesesincreases as the plan deviates from the original plan, and that a combination oij that deviates significantly
from the original plan is not the optimum solution.

[0222] A value of the change information 163 is used for Dij of the third item. Specifically, the value corresponds to a
portion of a thick frame 501 in FIG. 15. In FIG. 15, in the case of assignment as originally planned, 0 is set, such that j
=1, 2,and 3 are all 0. -1 is set in a mass that substitutes the schedule 8 which is the difficult-to-perform schedule such
that the overall cost decreases, and when the schedule that is not originally assigned to the corresponding vehicle is
assigned as shown in the addition 1, 1 is set such that the overall cost increases. As described above, since Aij and Dij
are sparse matrices, in a problem in which there are several tens to several thousand or more of the number of vehicles
and the number of schedules in an actual business, high speed may be appropriately applied by using the characteristics
of the sparse matrices. K in Equation 4 is the number of vehicles, and the reason why a range of the sum of i of the
three items is specified is that only the rows related to the schedule are summed.

[0223] By setting the constraints related to Dij in this manner, when looking at the entire plan, and when a large number
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of planned candidates, in which the schedule that is not in the original plan (for example, the additional schedule 1 in
the above example) is assigned to the vehicle, are selected, the overall cost (the value of H) increases, such that the
replanned plan in which the plan is significantly changed is less likely to be selected.

[0224] The form of Equation 4 and the range of the sum thereof may be changed depending on a problem so that the
calculation by the optimization calculation unit 80 is completed at an early stage.

[0225] As described in detail above, with the information processing system 10 on which the replanned plan output
device of the present invention is mounted, when the difficult-to-perform schedule that is difficult to be performed by the
vehicle in charge occurs, the substitute vehicle for performing the difficult-to-perform schedule can be selected among
a plurality of candidates for the substitute vehicle, in consideration of the number of changes of the vehicle in charge
and the additional cost. Therefore, it is possible to automatically formulate the replanned plan that reduces the number
of changes from the original plan and the profit and loss caused by the changes. With the information processing system
10, when it is required to replan the operation plan in real time due to an error such as an accident or the like, the
information processing system 10 can be used to replan the operation plan for the day.

Claims

1. Avreplanned plan output device that outputs a replanned plan for an operation plan of performing planned schedules
in order by an operation of a vehicle in charge, the device comprising:

a replanned candidate determination unit configured to, when a difficult-to-perform schedule (8) that becomes
difficult to be performed by the vehicle in charge among the planned schedules occurs, determine another
vehicle as a candidate for a substitute vehicle for performing the difficult-to-perform schedule (8); and

a substitute vehicle selection unit (10) configured to, when a plurality of candidates for the substitute vehicle
are set, select the substitute vehicle for performing the difficult-to-perform schedule (8) from the plurality of
candidates for the substitute vehicle in consideration of the number of changes of the vehicle in charge and an
additional cost of each of the schedules specified in the operation plan.

2. The replanned plan output device according to claim 1,

wherein a departure time from the beginning and an arrival time to the end are specified in each of the schedules,
and

the replanned candidate determination unit determines the another vehicle that performs a schedule that does
not overlap with a time zone from a departure time of the difficult-to-perform schedule (8) to an arrival time
thereof as the candidate for the substitute vehicle.

3. The replanned plan output device according to claim 2,
wherein the substitute vehicle selection unit (10) selects a vehicle, with which the number of changes of the vehicle
in charge of each of the schedules specified in the operation plan is small, from the plurality of candidates for the
substitute vehicle as the substitute vehicle.

4. The replanned plan output device according to claim 2,
wherein the substitute vehicle selection unit (10) selects a vehicle, the additional cost of which becomes small, from
the plurality of candidates for the substitute vehicle as the substitute vehicle.

5. The replanned plan output device according to claim 1,
wherein the substitute vehicle selection unit (10) selects a vehicle, in which a solution of an interaction model using
the number of changes and the additional cost becomes optimal, as the substitute vehicle.

6. The replanned plan output device according to claim 1, further comprising:

a graph generation unit configured to generate a directed graph obtained by connecting a node of the vehicle
specified in the operation plan and a node of the schedule assigned to each of the vehicles in the order of
execution with a directed link,

wherein the replanned candidate determination unit causes the graph generation unit to generate a graph as
acandidate for the replanned plan by connecting the directed link from a node related to the determined candidate
for the substitute vehicle to a node of the difficult-to-perform schedule (8) in the directed graph.
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The replanned plan output device according to claim 6,

wherein the substitute vehicle selection unit (10) causes the graph generation unit to generate a graph as the
replanned plan by connecting the directed link from a node related to the selected substitute vehicle to the node of
the difficult-to-perform schedule (8) in the directed graph.

The replanned plan output device according to claim 1, further comprising:

an input data storage unit (30) configured to store, as input data, information on the operation plan and accident
information including time when the difficult-to-perform schedule (8) occurs and a vehicle in charge of the difficult-
to-perform schedule (8),

wherein the replanned candidate determination unit determines another vehicle, which is a vehicle other than
the vehicle in charge and specified in the operation plan, as the candidate for the substitute vehicle for performing
the difficult-to-perform schedule (8), according to the stored input data.
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FIG. 5

183 ~_
SCHEDULE |DEPARTURE | ARRIVAL | DEPARTURE | ARRIVAL PLACE | VEHICLE
TIME TIME PLACE TYPE

SCHEDULE1|7:10 9:10 | XXTRAIN ZZ UNIVERSITY. | 1
STATION (A) (B)

SCHEDULE 2| 7:35 8:10 |ZZUNIVERSITY | XX TRAIN 1
(B) STATION (A)

SCHEDULE3| 14:30 16:00 | XX TRAIN WW TRAIN 1
STATION (A) STATION.(C)

SCHEDULE4{17:00 18:30 |WW TRAIN XX TRAIN 1
STATION (C) STATION (A)

SCHEDULE S| 9:30 10:30 |WW TRAIN ZZ UNIVERSITY | 2
STATION (C) (B)

SCHEDULE 8| 16:20 17:20 |WW TRAIN ZZ UNIVERSITY | 3

' STATION (C) (B)
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FIG. 6

START PROCESSING OF ENUMERATING PLANNED CANDIDATE,
PLAN EXECUTION INFORMATION, AND CHANGE INFORMATION /-

v S20
GENERATE GRAPH
v ' 822
GRAPH SEARCH, AND ENUMERATE PLANNED CANDIDATE, \/
PLAN EXECUTION INFORMATION, AND CHANGE INFORMATION
v

TERMINATE PROCESSING OF ENUMERATING PLANNED CANDIDATE,
PLAN EXECUTION INFORMATION, AND CHANGE INFORMATION
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FIG. 9
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FIG. 10

( START OF GRAPH SEARCH, AND ENUMERATING PLANNED CANDIDATE,
PLAN EXECUTION INFORMATION, AND CHANGE INFORMATION

/ ATTEMPT IS PERFORMED ON ALL VEHICLE NODES \<V3221

§222
DEPTH PRIORITY SEARCH ATTEMPT IS
PERFORMED ON-ALL ROUTES (FROM 5222
-& 85223
SECURE MEMORY CAPABLE OF STORING 4%
INTERMEDIATE DATA FOR ONE CANDIDATE
¢ S224

" RECORD PASSED NODE INFORMATION Y
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R 5226
CALCULATE COST FOR ATTENTION ROUTE 'V

SEARCH ATTEMPT IS PERFORMED s227
ON ALL ROUTES (UP TO $227) ,

\. DEPTH PRIORITY SEARCH ATTEMPT IS PERFORMED S228
- ONALL VEHICLE NODES (UP TO $228)
S$229
CALCULATE AND STORE CHANGE INFORMATION {’V

v

END OF GRAPH SEARCH AND ENUMERATING PLANNED CANDIDATE,
PLAN EXECUTION INFORMATION, AND CHANGE INFORMATION
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FIG. 12
CHANGE CANDIDATE TABLE
PLANNED CANDIDATE:/
VR VAR AR FALE FE I LD
1 |2 |3
i=1:VEHICLE 1 1T]1]0}0} 0 0
i=2: VEHICLE 2 o100 1 0
7=3: VEHICLE 3 0101 0 0
| 7=8:VEHICLE 8 ojojo] o 1
% i=9: SCHEDULE1 | 1 [ o] o] o | o
§ 7=10. SCHEDULE 2 | 1 0 {0 0 0
g 7=11: SCHEDULE3 | 1 0| o0 0 0
/=12: SCHEDULE 41 1 0|0 0 0
/=13:SCHEDULES5 | 0 | 1 | O 1 0
i=14:SCHEDULE6 | 0 { 1 | 0 | 1 0
7=15: SCHEDULE7 | 0 | 0 | 1 0 0
/i=16:SCHEDULE8 | 0 | 0 | (D] 1 1
/=17: ADDITION 1 o |o|o0o] o 1
ADDITIONCOST.C. |o |0 |- |01 |05
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FIG. 14
MATRIX Aij AND COST VECTOR Cj
PLANNED CANDIDATE:j
_/': J': J‘:. j:4 J':5 saw
1 2 3

i/ =1:VEHICLE 1
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/=14:SCHEDULE 6 |

i=15:SCHEDULE 7 |

/=16: SCHEDULE 8

i=17:ADDITION 1

ADDITION COST: C,
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FIG. 15

EXAMPLE OF CHANGE INFORMATION

- PLANNED CANDIDATE : j
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